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In randomized trials, it is typical that a number of out-
come variables are collected at each follow-up time.
Sometimes, a composite outcome may be of scientific
interest. A composite outcome is composed as a func-
tion of several patient-specific outcomes and could mea-
sure, for example, improvement or deterioration in the
condition of a patient.
Multiple imputation is one method for handling
patient drop-out in randomized trials, and usually
involves a maximum likelihood-based model fitted to
complete cases, which is then used to draw imputa-
tions for the missing data. In principle, imputation
could be used to impute composite outcomes. How-
ever, composite outcomes may be complicated combi-
nations of many outcome variables and, as a result, it
can be difficult to impute composite outcomes, since
they may not possess a distribution amenable to statis-
tical modelling.
Using trial data on early rheumatoid arthritis patients,
we examine the use of linear increments models, intro-
duced by Diggle, Farewell and Henderson [1] as a basis
for the multiple imputation of missing outcome infor-
mation. These imputations are used to create random
draws of the composite outcome ACR20, a binary indi-
cator of disease improvement defined by the American
College of Rheumatology. We compare the multiple
imputation of ACR20 using linear increments methodol-
ogy to that using more established maximum likelihood
methods. We observe some evidence to suggest that the
use of linear increment models may result in a more
accurate imputation of missing ACR20 values. The
methodology presented has broad applicability in rando-
mized trials.
Author details
1MRC Biostatistics Unit, IPH Forvie Site, Robinson Way, Cambridge, CB2 0SR,
UK. 2School of Medicine, Cardiff University, Neuadd Meirionnydd, Heath Park,
Cardiff, CF14 4YS, UK.
Published: 13 December 2011
Reference
1. Diggle PJ, Farewell DM, Henderson R: Analysis of longitudinal data with
drop-out: objectives, assumptions and a proposal. Journal of the Royal
Statistical Society Series C (Applied Statistics) 2007, 56:499-550.
doi:10.1186/1745-6215-12-S1-A60
Cite this article as: O’Keeffe et al.: Using linear increment models for the
imputation of missing composite outcomes in randomized trials. Trials
2011 12(Suppl 1):A60.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
1MRC Biostatistics Unit, IPH Forvie Site, Robinson Way, Cambridge, CB2 0SR,
UK
Full list of author information is available at the end of the article
O’Keeffe et al. Trials 2011, 12(Suppl 1):A60
http://www.trialsjournal.com/content/12/S1/A60 TRIALS
© 2011 O’Keeffe et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
